Conservation of high  Phosphorous high Manganese ores by Sintering of Dephosphorised concentrate by Sane, R Y et al.
Conservation of high phosphorous high 
manganese ores by sintering of 
dephosphorised concentrate 
* Ft. V. Sane, Works Manager 
* N. A. Subramanian, General Manager (R&D) 
* S. V. Kothari, Ivlanaging Director 
** S. K. S. Pashine, Dy. Metallurgical Adviser 
INTRODUCTION 
The ores of manganese enjoy a high order 
of importance since no quality steel can be pro-
duced without the addition of small amounts of 
manganese. In view of its economic importa-
nce it becomes imperative to take stock of the 
facts about this mineral in a comprehensive 
manner. 
According to an IBM estimate, the recov-
erable reserves of manganese ore as on 1-1-1983 
are 138.00 million tonnes comprising 18 million 
tonnes in measured category 32.00 million 
tonnes in indicated category and 88.00 million 
tonnes in inferred category. 
According to the projection of iron and 
steel production in the country furnished by the 
Steel Authority of India Ltd. for 7th plan period 
and by Planning Commission for subsequent 
period up to the end of century, the requirement 
of low grade and high grade manganese ores 
would be as given in table 1. 
On the basis of the projection it is 
expected that the consumption of all grades of 
manganese ore for the period 1985 -2000 would 
exceed 18 million tonnes. Thus the entire meas-
ured category of manganese ore would be gett-
ing exhausted by the end of the century. To 
meet such an alarming situation, it is imperative 
to conserve the manganese ores by every possi-
ble means. 
Table - 
( '000 Tonnes) 
Year Low 
Grade 
High 
Grade 
Total 
1985-86 730 418 1143 
1986-87 737 476 1213 
1987-88 863 528 1391 
1988-89 935 608 1543 
1989-90 981 723 1704 
Total 4246 2748 6994 
1994-95 1348 790 2138 
1999-2000 1712 1018 2730 
In respect of metallurgical high grade ore 
(±45% Mn) which is employed in ferro man-
ganese production, the Indian reserves in meas-
ured category are 5.72 million tonnes as per the 
joint study conducted by GSI 8. IBM in 1975. 
On the basis of probable steel production 
envisaged, the estimated domestic requirement 
of bulk ferro alloys in 1990 & 20002 would follow 
the following pattern. ( Table 2 ). 
* Of Paramount Sinters Pvt. Ltd., 1-A Canal Road, Ramdaspeth, Nagpur - 440 010 
** Of Mineral Development Board, Vandana, 11 Tolstoy Marg, New Delhi - 110 001. 
(000'M Tons) 
ingot 	 FeMn 	 High grade 
steel 	 Mn Ore±45 
Table -- 2 : Projected production of ingot 
steel and ferro-manganese with the esti-
mated requirement of high grade manga-
nese ore, for FeOn production. 
1985-86 9820 165 413 
1986-87 10460 190 476 
1987-88 11220 211 528 
1988-89 11880 243 608 
1989-90 14050 289 723 
Tatal 57430 1098 2748 
1994-1995 20995 315 790 
1999-2000 27115 407 1018 
On the basis of the above projection, it is 
expected that the consumption of high grade 
manganese ore for 1990 - 1995 Et 1995-2000 
would be 3.78 million tonnes and 4.52 million 
tonnes respectively. The total consumption of 
high grade manganese ore for the period 1985-
2000 would be therefore 11 million tonnes. 
Thus there would be substantial short fall of 
high grade manganese ore in terms of the 
measured category and the demand pattern. 
This demands top most priority for con-
serving the high grade manganese ore employed 
for ferro manganese production. 
For production of ferro manganese, ores 
with high manganese content and phos content 
below 0.16% are only used. A study on all India 
basis regarding the mode of occurrence and 
quality of different manganese deposits has been 
conducted by IBM which is exhibited in Anne-
xure - I. A major portion of metallurgical grade 
manganese ores is occurring in Maharashtra, 
M.P.belt under the leasehold of M/s. Man-
ganese Ore India Ltd. (MOIL), Govt. of India 
Undertaking. 	 M/s. MOIL has compiled the  
estimated reserves of manganese ores mine wise 
with respect to Mn Et Phosphorous content 
which is furnished in Annexure - II. From the 
above it is observed that the major portion of 
manganese ore reserves in our country fall in the 
high phosphorous high Mn grade reserves. 
In order to keep the phosphorous con-
tent within limits, selective mining and hand 
sorting are being practised in various mines in 
our country. The selective mining is causing 
fast depletion of low phosphorous reserves while 
hand sorting is resulting in enormous stockpiling 
as wastage of low grade Mn ores. 
The only solution to the above problem is 
dephosphorisation. A beginning has been made 
in this direction by the mineral dressing labor-
atories in our country. It was established that 
most of the high phos ore are amenable to de-
phosphorization by flotation & magnetic separa-
tion, after fine grinding for liberation of phos-
phate minerals. The dephosphorised concentrate 
in finely ground form needs agglomeration be-
fore use in smelters. Agglomeration processes 
like briquetting and pelletization have serious draw 
backs. The former needs sodium based binders 
which is not acceptable to arc furnaces due to 
its detrimental effects on the refractories. The 
latter route requires large quantities of oil which 
is prohibitively costly. The only alternative was 
sintering. But extensive R & D studies were 
necessary for developing a sintering route amen-
able to the finely ground concentrate. The pre-
sent sintering studies were sponsored by the 
Mineral Development Board and the sintering 
studies were conducted at the R&D Centre atta-
ched to the sinter plant at Chandrapur. Indian 
Bureau of Mines had earlier conducted pilot 
plant dephosphorisation studies on manganese 
ore from Tirodi mines, located in Balaghat Dist., 
M. P. Their concentrates were used for the 
sintering studies. 
Balaghat Mines near Tirodi mines gener-
ates during, mining high Mn, low phos fines 
below 6 mm size. Hence it was felt that sintering 
a blend of Balaghat fines and dephosphorised 
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concentrate would pave the way for utilisation of 
both the materials. The present studies were 
therefore conducted on such a blend. 
Test Procedure 
Since efficiency of sintering depends on 
several factors which interact, the factorial design 
of experimentation was adopted. The second 
phase of this project would involve production 
of bulk sinters( about 1000 M.T.) employing our 
50 TPD sinter plant. Hence sintering parameters 
like bed depth, vacuum, ignition etc, were main-
tained at levels available on the production  
strand. The factorial design covered raw mate-
rial components viz. dephosphorised concen-
trate, coke, return fines and water. Mn ore fines 
constituted the balance for maintaining a con-
stant weight of mix for the test. 
On the basis of plant practice a base level 
(BL) was fixed for the four factors. For each 
factor a higher and lower levels with respect to 
BL were fixed. The higher level was designated 
with a + ve sign and the lower level with a —ye 
sign with lour factors and two levels a full set of 
experiments designated as a "Matrix" was desi-
gned as given below 
Sr. No Coke Dephosphorised 
concentrates 
Return 
fines 
Water Yield RIF Ratio 
Return fines added 
Return fines generated 
1. Y 1 R1 
2. Y2  R2 
3. Y3 R3 
4. -H Y4 R4 
5. Y5 R 5  
6. -I- Y6 R6 
7. + Y 7 R7 
8. Y8 R8 
9. Y 9 R9 
10. Y10 R 10 
11. Y11 R 11 
12. Y12 R 12 
13. _7- + Y 13 R 13 
14. + Y 14 R14 
15, + Y15 R 15 
16. + Y16 R 16 
17. Base Level (BL) 
For preliminary test the matrix was limited 
to eight tests (Sr.No 1-8). The main depended 
variable was lump yield, being the main purpose 
of sintering. The effect of each factor on lump 
yield was evaluated from the 'a' values. 
a = E (+)—  (--)  N 
Where E ( - - ) 	 Sum of the yield percentages 
for 4- levels 
2: (—) = Sum of the yield percentages 
for — levels 
N 	 = Number of tests in the matrix. 
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For each factor in the mix viz. coke, de-
phosphorised concentrates, return fines and 
water, 'a' values were designated as al, a2, a3, 
Et a4 respectively. 
The absolute quantity of a particular 'a' 
value with its sign indicates the effect of that 
factor of sinter yield. Smaller the quantity of 'a' 
value closer the factor to the optimum level. 
Further the sign of 'a' value indicates the direct-
ion of the optimum level. This is an example. 
— Say optimum level of coke is 8% 
For a test base level of coke fixed at 7%, 
with -H level at 8% and (—) level at 6% 
then Z (4- ) would be greater than (—) 
hence the 'a' value shall bear (*) sign. 
For a test, base level of coke fixed at 9% 
with + level at 10% and —ye level at 8% 
then z (+) would be smaller than , (—) 
hence the 'a' value shall bear (—) ve sign. 
Based on the 'a' values of a matrix the 
next matrix is planned. Thus by successively 
changing base levels and steps, optimisation 
of each factor controlling sintering is achieved. 
The generation of return fines and its 
addition to the mix has to be equal in sintering 
process i. e. the ratio 
R = R/F added  
R/F generated 
This aspect is also to be considered in 
sintering studies. Each pot test consisted of 
five runs. The first run was conducted with out 
addition of return fines. Dephosphorised man-
ganese ore fines, dephosphorised concentrate 
and coke were mixed at preset levels ( totaling 
50 kg which is the pot capacity ). The first run 
was designated as A 11. The sinter cake was 
broken manually to (—) 75 mm size. The bro-
ken material was screened on 6 mm sieve. The 
—6 mm material constituted the R/F and -I-6 mm 
constituted the lump sinter. The return fines 
generated in run A 11 were used for preparing 
the sinter mix for next run i. e. A 12. and R/F of 
A 12 were used for A 13. The idea of repeating 
the run three times was to stabilize the quality 
of R/F. 
Employing R/F generated in A 13, the 
final run A 2 was conducted. Employing the 
R/F from A2 run, A3 was conducted. During the 
runs A2 Et. A3 the proportion of raw mix, was 
maintained constant. Runs A2 8- A3 were con-
sidered as duplicate run and their average values 
of sinter yield was thus computed. 
For a matrix of 16 tests 80 pot runs were 
conducted and 5 additional runs were conducted 
at the base level. In all 85 pot runs constituted 
a full matrix and 45 pot runs constituted a limi-
ted matrix. 
The average yield for each test ( Average 
of runs A2 8- A3 ) were tabulated against the 
test levels and 'a' values were computed. The 
Return fines ratio was calculated for each test 
and tabulated. 
Experimental Procedure : 
After fixing the raw material levels for a 
particular matrix, corresponding weighed quanti-
ties of the raw materials and water were taken. 
The Mn ore fines were first charged and 
mixed dry for 1 min. Then a predetermined 
quantity of water was added and wet mixing 
was carried out for I min. The dephosphorised 
concentrate/ground ore was then slowly added 
so as to coat the surface of wet Mn ore grains. 
The dephosphorised concentrate was added in 
stages alternating the same with addition of 
water. Thus the material formed a coating on 
the Mn ore grains layer by layer. Thereafter 
balance quantity of water, return fines and coke 
were added while mixing was continued for lmin. 
A 25 mm thick bed layer of sinter ( —12 
8 mm ) was spread over the sinter pot grate. 
The wet mix was charged over the bed layer. 
The burner air and oil supplies were star-
ted and the burner was lighted keeping the bur-
ner hood over the refractory lined chamber for 
stabilization. 
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The sinter fan was started and vacuum 
was adjusted at 250 mm W. G. by bleeding 
through a slide valve. The burner hood was 
rolled over to the sinter pot for ignition, simul-
taneously starting the timer. An ignition time of 
1 mts was practised for all the tests. After 
ignition the burner was shut off and burner hood 
was rolled back. 
The wind box temp. was recorded at 1 
minute interval. The temperature of the outgoing 
gases rises slowly and reaches a peak. The 
time elapsed from beginning of ignition to drop 
in exhaust gas temperature is taken as sintering 
time. 
The sinter pot side panels were opened 
and the sinter cake was exposed for visual exa-
mination. 
The cake was then pushed to a container 
kept on the floor in order to break it. Biggei•  
lumps were manually broken to (-) 75 mm. 
The material was then allowed to cool and 
sieved on 6 mm screen. 
The -6 mm material was used as return 
fines for subsequent runs of that particular test. 
Tumbling index and abrasion index of the 
sinters were determined as per Indian Standard 
Specification IS 6495-1972. The -I- 6mm sinter 
was subjected to sieve analysis and chemical 
analysis. 
After confirmatory runs, the final sinter 
was also subjected to (a) Mineralogical analysis. 
(b) Reducibility (c) X-ray diffraction. 
Experimental work : 
Raw Materials 
The chemical and size composition of the 
raw materials employed is given in Table No. 3 
Table No. 3 
Chemical Analysis Size Analysis 
Radical Assay % Size fraction 
microns 
Wt% 
   
Coke 
Mn ore 
fines 
Dephos 
conc. 
Dephos 
conc. 
Mn ore 
fines Coke 
Mn (T) 43.38 41.79 + 2800 25.6 5.00 
Fe 	 (T) 2.96 7.50 9.41 - 2800 + 2000 36.0 21.00 
P 0.13 0.12 0.14 -- 2000 + 500 28.0 38.33 
Si07 18.78 9.25 11.80 -- 500 + 300 3.6 16.67 
Ale 03 9.96 2.07 1.28 --- 300 rt 150 3.9 2.8 11.66 
Ca0 0.48 3.84 -- 150 + 106 5.5 1.8 3.67 
Mgo 0.32 2.50 - - 106 + 75 9.4 1.2 2.00 
Fixed 
Carbon 61.0 - 75 + 45 11.5 0.6 1.00 
Ash 36.0 -- 45 69.7 0.4 0.67 
V.M 2.4 Total 100.0 100.0 100.00 
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Sinter Pot Studies : 
	 final matrix was conducted on the following 
conditions. 
Four preliminary matrices were conducted 
and each time the base levels and step levels 
were successively changed on the basis of 'a' 
values obtained from the previous matrix. The 
Final Matrix. 
The matrix tests were conducted with the 
dephosphorised flotation concentrate and the 
results are as follows 
Matrix - V 
Coke Dephos 
concentrate. 
R/F Water Yield 
RF Ratio 
RF added 
RF generated 
(-) 5.1 - 6.0 (-) 12.0 (-) 2.5 68.0 0.98 
- 5.1 + 7.0 (-) 12.0 H-) 3.5 69.6 1.05 
(-) 5.1 - 6.0 (+) 13.0 (+) 3.5 69.4 1.07 
+ 5.5 - 6.0 (-) 12.0 (+) 3.5 69.0 1.08 
(--) 5.1 + 7.0 (+) 13.0 (-) 2.5 69.2 1.08 
(-1- ) 	 5.5 - 6.0 (+) 13.0 (-) 2.5 69.8 1.19 
(+) 5.5 + 7.0 (-) 12.0 (-) 2.5 68.4 1.00 
+ 	 5.5 + 7.0 (+) 	 13.0 4- 	 3.5 69.0 1.10 
5.3 6.5 12.5 3.0 69.6 1.16 
	
a I 	 a 2 	 a 3 	 a 4 
'a' Value 
	
0 
	
0 	 (+) 0.3 (+) 0.20 
Test 
No. 
1.  
2.  
3,  
4,  
5.  
6.  
7.  
8.  
B. L 
From the matrix results it can be seen that 
under test 7 conditions the return fines balance 
while yield was 68. 4% 
The test No. 7 was therefore repeated 
thrice and the results read as follows, 
Repeat 	 Coke 	 Levels Dephosphorised 
concentrates. 
Kg. 	 Kg. 
RF 
Kg. 
Water 	 Yield 
Kg. 	 Kg. 
 
RF added 
RF Generated 
1.  5.5 7.0 
2.  5.5 7.0 
3.  5,5 7.0 
12.0 2.5 68.3 0.99 
12.0 2.5 68.5 1.01 
12.0 2.5 68.5 1.01 
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Mineralogy : Sample TI 	 Al 
Balaghat plain 
Mn-Ore Sinter 
	
84.5 	 2.2 
2. Dephosphorised concen- 
	 84.6 	 2.8 
trate blended sinter 
Sinter produced during confirmatory runs 
was subjected to quality testing, chemical anal-
ysis reducibility, mineralogical analysis, screen 
analysis porosity etc. 
Sinter quality testing 
Chemical analysis of sinter with dephos- 
phorised concentrate. 
Radical Assay % 
Mn 	 (T.} 45.50 
Mn 0 48.50 
Fe 	 (T) 7.46 
Si02 13.25 
A1203  3.80 
Ca0 0.61 
Mg0 0.68 
Mn (M) 0.60 
P 0.14 
Tumbling and abrasion indices : 
The T1 Er Al were determined as per IS : 
6495 and the results are given in Table No. 4 
Table No. 4 
Mn ore lumps 
Plain Mn ore sinter 
Mn ore deohosphorised 
Concentrate mix sinter 
Screen analysis : 
The final sinter was subjected to screen 
analysis after breking to - 75 mm size. The res-
ults are given in Table No. 5 
Comparative mineralogical analysis was 
conducted on the Balaghat Mn ore, plain Mn 
ore sinter and sinter from Mn ore, dephosphori-
sed concentrate mix. 
I Manganese Ore :- 
Manganese ore minerals 
(a) Major 
	 : over 15% 
Hollandite (Balqi2 Mn016 
Braunite : 3 Mn203 Mn20 S103 
Sample 	 At/ Porosity 
25.27 
46.20 
46.35 
Note :- Porosity reported is total porosity. 
Table No. 5 
--- 	 Size 	 range Wt. % cum% retained 
--- 	 75 + 40 mm 18 2 18.2 
— 40 + 30 mm 32.8 51.0 
— 30 + 20 mm 22.2 73.2 
20 -- 10 mm 14.0 87.2 
10 + 6mm 11.9 99.1 
— 	 6mm 0.9  
AV Sinter size by harmonic mean — 20.57 mm 
Porosity : 
The porosity determination was made on 
Balaghat Mn-ore lumps, Balaghat plain sinter 
and Mn ore, dephosphorised concentrate mix 
sinter using Beckman air pycknometer. The 
results are given in Table No. 6 
Table No. 6 
After 
reduction Befoer reduction 
Sr. No. 	 Sample description 
Fe Mn MnO MnO 
Assay % 
	
Reducibility 
1.  Balaghat Mn ore 5.00 49.5 11.9 48.28 33.5 
2.  Plain Mn ore sinter 8.80 45.8 47.7 58.15 17.1 
3.  Dephosphorised 
concentrate mixed sinter 
7.46 45.5 48.5 62.87 19.4 
(d) Minor : sitparite bixbyite 	 Mn203  
Silicate minerals : 
(a) Minor : 
(3-7) 	 Quartz 	 SiO2  
(b) Very minor 	 Garnet 
(c) Traces : 	 Apatite 
Ii. Plain Mn ore sinter :- 
Manganese minerals. 
(a) Major : 	 Hausmanite ( MnO34 ) 
( Over 15% ) 
(b) Subordinate : Manganosite (MnO) 
Silicate glassy slag 
(c) Minor : 	 Ferroan tephroite 
(d) Very minor : Hematite Fe2O3  
The dephosphorised concentrate mixed sinter. 
(a) Major : 	 Hausmanite 	 (Mn304) 
(Over 15%) 
(b) Subordinate : Manganosite 	 (MnO) 
( 7 to 15%) Silicate glassy 
slag 
(c) Minor : 	 None 
( 3 to 7%) 
(d) Very minor : Hematite 	 Fe2O3  
(1 to 3%) Jacobsite 	 (Fe, Mn)304 
X-ray Diffractograms of the three samples 
in Annexure - ill 
Reducibility . 
These tests were carried out on Balaghat 
Mn ore, plain Mn ore sinter and Mn ore dephos-
phorised concentrate mix sinter. 
The results of reduciblity tests are graphi-
cally depicted in Annexure - 4. The chemical 
analysis of the feed samples and reduced pro-
ducts are given below. 
Subordinate : cryptomelene 
Kt9Mn8016nH20 ( 7 to 15% ) 
pyrolusite Mn02 
(b) 
Table No 7 
Reducibility is the percentage of oxygen 
removed in 180 mts of reduction with respect to 
original oxygen present in the feed computed  
on the basis of chemical analysis and loss of 
weight. 
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with sinter yield 68.4. Higher sinter yields could 
be obtained in other tests but R/F ratio deviated 
from unity. Optimum raw mix composition was 
as follows : 
Discussions of Results 
The optimum sintering conditions were 
achieved in Test No. 7 recording unity R/F ratio 
Material Wt. (Kg) Wt.% Dry basis Wt.% Wet basis 
Coke 5.5 11.0 10.48 
Dephosphorised 
concentrates 7.0 14.0 13 33 
Return Fines 12.0 24.0 22.86 
Balaghat 
Mn ore fines 25.5 51.0 48.57 
Water 2.5 4.76 
52.5 100 0 100.0 
The sintering conditions were as follows 
Grate area 
	 0.135 
Total bed depth 
	
150 mm 
Hearth layer 
	 25 mm 
ignition time 
	 1.5 mts 
Suction below grate 
	 250 mm W.G. 
Sintering time 
	 16 mts. 
Blending of dephosphorised concentrate 
to the sinter mix did not affect the sinter strength 
as indicated by the following 
Plain Mn ore 	 Dephosphorised 
concentrate 
blended sinter 
T. I 
	
84.5 
	
84.6 
A. I 
	
2.2 
	
2.8 
The dephosphorised concentrate blended 
sinter was in a higher state of reduction contain-
ing more MnO phase as compared to predomi-
nant Mn304 phase observed in plain sinter as 
indicated by mineralogical and X-ray diffraction 
studies. This may be attributed at first place to 
the presence of psilomelene in the dephosphori- 
sed concentrate compared to hollandite in the 
Balaghat manganese ore fines and secondly to 
the increased surface area of the ground 
concentrate. 
The porosity of dephosphorised concen-
trate blended sinter under optimum conditions is 
the same as plain Mn ore sinter indicating that 
blending of finely ground concentrate had no 
adverse effect. 
The reducibility curves of plain sinter and 
dephosphorised concentrate blended sinter indi-
cate that in the initial stages the rate of loss of 
oxygen is higher for dephosphorised concentrate. 
Blended sinter reaches more or less steady 
weight after 20 minutes of reduction while the 
plain Mn ore sinter takes 50 minutes to reach 
the same stage. Thus there would be saving of 
reduction time in the case of dephosphorised 
blended sinter. 
Summary and conclusions : 
The technical viability of sintering a blend 
of dephosphorised concentrate fines and reject 
high grade fines has been established. 
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The optimum blend of 274.5 Kg. of de-
phosphoriseci concentrates with 1 Ton of Mn ore 
fines was established yielding 68.4% usable 
sinter. In the optimum conditions the coke and 
water additions were 10.48% and 4.76% res-
pectively of the wet raw mix. 
Addition of fine ground dephosphorised 
concentrate did not affect the strength of sinters 
in any way. The TI and Ai values were quite 
adequate for ferromanganese smelting practice. 
The porosity of dephosphorised concentrate 
blended sinter was identical to that of the plain 
Mn ore sinter and far superior to the Mn ore. 
The dephosphorised concentrate blended 
sinter was in a higher stage of reduction compa-
red to plain Mn Ore sinter indicating consider-
able smelting benefits. 
Blending of dephosphorised concentrate 
shall not only pave the way for utilisation of high 
phos ores and also reduce the reduction load on 
the arc furnace. The furnace throughput would 
be higher thereby improving the overall econo-
mics of smelting. Further, appreciable saving in 
electrical energy, coke, electrode paste and ref-
ractory are anticipated adding to the smelting 
economics. 
In India smelters are facing the problem 
of getting low phos high Mn metallurgical grade 
manganese ores which constitutes the major 
furnace burden. Utilisation of dephosphorised 
concentrate would be a great relief to the smelter 
operators in view of the scarcity of metallurgical 
grade ores. 
The advantages of using manganese ore 
sinters in ferromanganese smelting are well known 
and time is not far off when all the smelters will 
take up installation of sinter plants to conserve 
the generated fines. Blending of dephosphorised 
concentrates to the sinter mix would reduce the 
dependence of smelters on lumpy metallurgical 
grade ores to a large extent. 
Since sufficient quantities of high phos 
Mn ore fines are available as rejects, these can 
constitute the feed stock for dephosphorisation. 
On the basis of no cost for these rejects, Rs. 
200/- M.T. of concentrate towards dephosphori-
sation Rs. 180/- for reject high Mn low phos 
manganese ore fine and Rs. 220/- M. T. towards 
sintering, the cost of low phos sinter works out 
at Rs. 400/- M. T. Thus it can be seen that the 
sintering route of utilizing dephosphorized con-
centrates is economical as similar grade Mn ore 
lumps would cost around Rs. 5001- M. T. 
Even on the basis high phos lumpy ore as 
feed stock for dephosphorization and assigning a 
cost of Rs. 300/- M. T. for this material, the final 
low phos sinter would cost around Rs. 496/- 
which is slightly lower than the cost of low phos 
high Mn Lump ores. 
Selective mining and hand sorting has 
already done extensive damage to our country's 
manganese ore reserves. Now that the agglo-
meration bottleneck has been overcome, it is 
high time to go for dephosphorisation of manga-
nese ores on a big scale for conserving the 
remaining reserves of this important mineral. 
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SCALE- 
X AX 
	 I 	 ID atin 
Y. 
 AXIS 2 an .10 sons 
RED1X1ION TEMP 900 t 1060 
REDUCTION GAS PVC' a 70 3D 
® 15 LitylMcn 
SAMPLE 1417 500 GMS 
ANNEXURE - II 
The chemical analysis and reserves of the manganese ores from Madhya 
Pradesh - Maharashtra belt is given below : 
Area Mn 
Assay % 
Phosphorous 
Estimated 
reserves 
Million Tons 
Balaghat 46-50 0.08-0.30 6.50 
Ukwa 50 0.08-015 12.50 
Kandri 31 -50 0.20-0.27 1.24 
Tirodi 43-5() 0.18-0.30 0.75 
Chikla 35-48.5 0.10 –0 24 4.71 
Dongri Buzurg 32-49.5 0.20-0.26 6.20 
Total .. 	 31.90 
ANNEXURE - IV 
REDUCTION TIME. IN MIN., 
REDUCIBILIn' CURVES 
x--at 
	 x 	 14. 
BGT Mn ORE RAIN SINTER 
	 DEPH(3 BLEND 
SINTER 
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